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Introduction 
7KHXVHRISODQWELRPDVVDVDVRXUFHRIHQHUJ\SUHVHQWV
PDQ\ DGYDQWDJHV PDLQO\ WKDW LW LV D UHQHZDEOH FOHDQ
VRXUFH RI HQHUJ\0DQ\ WURSLFDO JUDVVHV KDYH H[FHOOHQW
SRWHQWLDO DV HQHUJ\ FURSV 7KH PDLQ RQH LQ %UD]LO LV
3HQQLVHWXP SXUSXUHXP HOHSKDQW JUDVV RZLQJ WR LWV
YHU\KLJK\LHOGV+RZHYHULWLVYHJHWDWLYHO\SURSDJDWHG
WKXV PRUH GLIILFXOW WR HVWDEOLVK WKDQ VHHGSURSDJDWHG
VSHFLHV7KHXVHRI3DQLFXPPD[LPXPJXLQHDJUDVVLV
DSRVVLEOHDOWHUQDWLYHIRUXVHDVDVRXUFHRIHQHUJ\GXH
WRLWVKLJK\LHOGVDVZHOODVVHHGSURSDJDWLRQ7KHREMHF
WLYHRIWKLVUHVHDUFKZDVWRHYDOXDWHWKHSRWHQWLDORIGLI
IHUHQW3PD[LPXPJHQRW\SHVIRUXVHDVHQHUJ\FURSVLQ
FRPSDULVRQZLWKHOHSKDQWJUDVV
Methods 
)RXUWHHQ3PD[LPXPJHQRW\SHVJXLQHDJUDVV LQFOXG
LQJFRPPHUFLDOYDULHWLHVFYY0LOrQLR0RPEDoDDQG
7RELDWm DQG3SXUSXUHXP FY1DSLHU HOHSKDQWJUDVV
ZHUH HYDOXDWHG DW (PEUDSD %HHI &DWWOH LQ &DPSR
*UDQGH06%UD]LOLQDUDQGRPL]HGEORFNGHVLJQZLWK
UHSOLFDWLRQV 7KH VRLO ZDV D GDUN UHG ODWRVRO IHUWLOL]HG
ZLWKNJKD32VXSHUSKRVSKDWHDQGNJKD.2
SRWDVVLXP FKORULGH DW SODQWLQJ. 3ORWV FRQVLVWHG RI 
URZV  P ORQJ VSDFHG  P DSDUW *HQRW\SHV ZHUH
VHHGHGLQ1RYHPEHUDQGFXWDWFPIURPWKHVRLO
LQ 0DUFK  (YHU\  GD\V WKHUHDIWHU SORWV ZHUH
KDUYHVWHG DW  FP IURP WKH VRLO WKH FXWPDWHULDOZDV
ZHLJKHG DQG D VDPSOH WDNHQ ZKLFK ZDV ZHLJKHG DQG
VHSDUDWHG LQWR SODQW SDUWV OHDI VWHP DQG GHDG PDWWHU
$IWHUGU\LQJDW&IRUGD\VOHDIDQGVWHPVDPSOHV
ZHUH JURXQG WKURXJK D PP VFUHHQ DQG HYDOXDWHG IRU

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&RUUHVSRQGHQFH/LDQD-DQN(PEUDSD*DGRGH&RUWH$YHQLGD
5iGLR0DLDí=RQD5XUDO&DPSR*UDQGH&(306
%UD]LO
(PDLOOLDQDMDQN#HPEUDSDEU
TXDOLW\ WKURXJK1,56 1HDU,QIUDUHG5HIOHFWDQFH6SHF
WURVFRS\$JURXQGVDPSOHRIHDFKZDVVHQWWR(PEUDSD
)RUHVWU\LQ&XULWLED35%UD]LOIRUHYDOXDWLRQRIFRP
EXVWLRQSRZHULQDGLJLWDODGLDEDWLFFDORULPHWHUDFFRUG
LQJ WR 1%5  $VVRFLDomR %UDVLOHLUD GH 1RUPDV
7pFQLFDV'DWDZHUHDQDO\]HGE\6$6
Results and Discussion 
7KH HOHSKDQW JUDVV FY 1DSLHU SURGXFHG  WKD\U
GU\PDWWHU'07DEOHOHVVWKDQWKHOHYHOVREWDLQHG
E\8UTXLDJDHWDOLQ%UD]LOZKRREWDLQHGDWOHDVW
WKDRIVWHPVZLWKDPLQLPDODSSOLFDWLRQRIIHUWLOL]HUV
DQG 1 IURP ELRORJLFDO 1 IL[DWLRQ 3DQLFXP PD[LPXP
\LHOGVZHUH ORZHUDQGYDULHG IURP WR WKD\U
7KH \LHOGV UHFRUGHG IRU JXLQHD JUDVV DUH PXFK ORZHU
WKDQ WKH  WKD LQ  PRQWKV JURZWK RQ D GDUN UHG
ODWRVROIHUWLOL]HGZLWKNJ1KDNJ.2KDDQG
NJ 32KD UHSRUWHG E\ )HUQDQGHV HW DO  /HDI
SHUFHQWDJH LQ WKH JXLQHD JUDVV JHQRW\SHV UDQJH
í ZDV KLJKHU WKDQ WKH  IRU 1DSLHU
&XOP\LHOGRI1DSLHUZDVYHU\KLJKWKD\UFRP
SDUHGZLWKDPD[LPXPRIWKDIRU3PD[LPXP
,QJHQHUDOHOHSKDQWJUDVVSUHVHQWHGWKHKLJKHVWQHXWUDO
GHWHUJHQW ILEHU 1') DQG ORZHVW OLJQLQ FRQFHQWUDWLRQV
LQ OHDYHV 7DEOH  DQG WKH KLJKHVW FUXGH SURWHLQ &3
DQG ORZHVW FHOOXORVH LQ VWHPV 7DEOH  )RU VHFRQG
JHQHUDWLRQHWKDQROSURGXFWLRQFXOWLYDUVZLWKWKHKLJKHVW
FHOOXORVHFRQFHQWUDWLRQVDQGORZHVWOLJQLQFRQFHQWUDWLRQV
DUH GHVLUDEOH 6HFRQGJHQHUDWLRQ HWKDQRO LV SURGXFHG
IURPSODQWELRPDVVZKLFKLVPDLQO\FRPSRVHGRIFHOOX
ORVHDSRO\PHUIRUPHGE\FKDLQVRIJOXFRVH7KHEUHDN
GRZQRIFHOOXORVHLQWRVLPSOHJOXFRVHPROHFXOHVDOORZV
PLFURRUJDQLVPVWRIHUPHQWWKLVVLPSOHVXJDUDQGVXEVH
TXHQWO\ HWKDQRO LV SURGXFHG 2Q WKLV EDVLV WKH JXLQHD
JUDVV JHQRW\SHV DUH SUHIHUDEOH EHFDXVH RI WKHLU KLJKHU
FHOOXORVHFRQFHQWUDWLRQV LQ OHDYHV PHDQRI1D
SLHU  DQG VWHPV PHDQ RI  1DSLHU 
7KHVHFHOOXORVHFRQFHQWUDWLRQVDJUHHZLWKWKRVHREWDLQHG
/-DQN(GVRQ$GH/LPD506LPHmRDQG5&$QGUDGH


ZZZWURSLFDOJUDVVODQGVLQIR
E\0RUDLVHWDOEXWDUHORZHUWKDQWKHIRU
HOHSKDQW JUDVV FXOPV IHUWLOL]HG ZLWK  NJ 1KD DV
XUHD VSOLW  DW SODQWLQJ DQG  DIWHU  GD\V
(4XHVDGDHWDO
Table 1.  <LHOGDQGTXDOLW\RI3DQLFXPPD[LPXPJHQRW\SHVDQG3HQQLVHWXPSXUSXUHXPFY1DSLHU
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WKD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Table 2.  4XDOLW\FKDUDFWHULVWLFVRI3DQLFXPPD[LPXPJHQRW\SHVDQG3HQQLVHWXPSXUSXUHXPFY1DSLHU

4XDOLW\
FKDUDFWHULVWLF 3PD[LPXPJHQRW\SHV 3SXUSXUHXPFY1DSLHU
 
/HDI&3 í 
/HDIGLJHVWLELOLW\ í 
6WHP&3 í 
6WHPGLJHVWLELOLW\ ± 
6WHP1') í 
6WHPFHOOXORVH í 
6WHPOLJQLQ í 


2Q WKH RWKHU KDQG 3 PD[LPXP JHQRW\SHV SUHVHQWHG
VOLJKWO\KLJKHU OLJQLQFRQFHQWUDWLRQV LQ OHDYHV PHDQRI
 1DSLHU  DQG VWHPV PHDQ RI  1DSLHU
+RZHYHU'0\LHOGLVDQLPSRUWDQWFRQVLGHUDWLRQ
DQGWKHKLJK\LHOGREWDLQHGZLWK1DSLHUPHDQWWKDWWRWDO
FHOOXORVH DFFXPXODWHGE\1DSLHU  WKD\U 7DEOH
3DQLFXPPD[LPXPIRUELRIXHO

ZZZWURSLFDOJUDVVODQGVLQIR
ZDVPXFKKLJKHUWKDQIRU3PD[LPXPíWKD\U
7KH WRWDO TXDQWLWLHV RI OLJQLQ DFFXPXODWHG ZHUH DOVR
KLJKHU IRU 1DSLHU  WKD\U WKDQ IRU JXLQHD JUDVV
í WKD\U %LRPDVVPD\ DOVR EH XVHG IRU GLUHFW
EXUQLQJWRSURGXFHFKDUFRDO(OHSKDQWJUDVVSUHVHQWHGD
KLJKHUFRPEXVWLRQSRZHUWKDQWKHJXLQHDJUDVV
JHQRW\SHV í KRZHYHU WKH GLIIHUHQFH ZDV
VPDOO7DEOH
Conclusion 
2XU GDWD LQGLFDWH WKDW JXLQHD JUDVV JHQRW\SHV PD\ EH
XVHG DV DOWHUQDWLYH VRXUFHV RI ELRPDVV IRU HQHUJ\ SUR
GXFWLRQDVHWKDQRORUFKDUFRDO6L[JHQRW\SHVZHUHPRVW
SURPLVLQJLQFOXGLQJFY0RPEDoDDQGSURGXFHGDERXW
WZRWKLUGV RI WKH '0 \LHOG RI 1DSLHU 7KH VDYLQJV LQ
SODQWLQJIURPVHHGDVRSSRVHGWRFXWWLQJVZRXOGQHHGWR
EH ZHLJKHG XS DJDLQVW WKH UHGXFHG WRWDO SURGXFWLRQ
UHODWLYHWRHOHSKDQWJUDVV
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